Objective: To describe the methods, strengths and limitations of available data sources for estimating US meat and protein consumption in order to facilitate accurate interpretations and applications. Design: We examined agricultural supply and dietary intake databases from the US Department of Agriculture (USDA), the US Department of Health and Human Services and the FAO to describe their methodology and to report the most recent estimates for meat and protein consumption. Results: Together, loss-adjusted agricultural supply data and dietary recall data provide the best available estimates of US consumption; the most recent sources indicated that US citizens (ages 2 years and over) consume 4·4-5·9 oz (125·9-166·5 g) of total meat and 6·2-7·4 oz-eq (175·2-209·4 g-eq) from the USDA Protein Foods Group per day. Meat constitutes the majority of intake within the Protein Foods Group, and red meat and processed meat constitute the majority of total meat intake. Nutrient supply data indicate that total meat represents an estimated
Over the past decade, interest in meat consumption and its impact on health and the environment has grown tremendously. An increasing number of epidemiological studies have shown a connection between meat consumption (especially red and processed meat) and health problems such as heart disease (1, 2) , stroke (3) , diabetes (4, 5) , obesity (6) and certain cancers (1, 2, (7) (8) (9) (10) . Environmental scientists have implicated meat production, particularly industrial animal production systems, in contributing significantly to greenhouse gas emissions, climate change, and resource depletion and pollution (11) . Additional concerns include animal welfare, food safety, occupational and community health, and social and economic justice (11) . Noting the health and environmental problems associated with high meat consumption, public health experts have called for a reduction in consumption of meat and other animal products in high-income countries (12, 13) . Similarly, the UN Environment Programme's 2012 report concluded, 'experts agree that developed countries should reduce their relative consumption of meat and dairy products…' (14) (p. ix). Meatless Monday, a campaign launched in 2003 with the goal of encouraging individuals to 'cut out meat one day a week', has since become a global movement with programmes in more than thirty countries.
Given the disproportionate meat consumption in developed nations (and the USA in particular) (15) , the current paper focuses primarily on meat consumption in the USA. In order for educators, scholars and advocates to effectively address these health and environmental concerns and to develop recommendations for more healthy and sustainable levels of meat consumption, a critical first step is to provide an accurate estimate of consumption.
However, conflicting consumption estimates are widespread in the literature and in media sources, depending on the data source, analysis and definition of 'meat'.* For example, used national dietary intake data to estimate average US total meat intake per person to be 4·5 oz/d (128 g/d) (15) . In April 2012, The Economist reported on international meat consumption statistics using FAO agricultural supply data and showed that the USA is the second highest meateating country with a per capita estimate of 125 kg/year, or about 12·0 oz/d (340·2 g/d) (16) . Dietary intake and agricultural supply data are created using very different methodologies, making reconciling these large discrepancies a daunting task. Concerns are also being raised over developing dietary guidelines around meat consumption using underestimated dietary intake data (17) . Furthermore, in many data sources, meat intake is difficult to unravel from protein intake since meat is often categorized with other protein-rich foods and has become virtually synonymous with protein. Historically, the national Dietary Guidelines and food guides from the US Department of Agriculture (USDA) and the US Department of Health and Human Services have included 'meat' in the title of this food group even though it contained red meat, poultry, fish, eggs and beans (i.e. 'Meat Group' from the 1992 Food Guide Pyramid, 'Meat and Beans Group' from the 2005 MyPyramid). However, the Dietary Guidelines for Americans (DGA) 2010 and the MyPlate food guidance system renamed the group 'Protein Foods Group' to encompass protein-rich sources of foods in the US diet (meat, seafood, eggs, soya-based products, legumes, nuts and seeds). Yet these 'protein foods' supply only half (53·1 %) of the protein available in the US food supply; other important contributors of protein in the US food supply include grain products, dairy products and vegetables (18) . This subtle shift in food group terminology (from 'meat' to 'protein foods') has had several important implications for the communication and understanding of dietary guidance regarding meat and protein consumption; therefore, the present paper includes data on both meat and protein to help elucidate a discussion of these implications.
Specific federal guidance on daily meat consumption is generally lacking in the USA despite the growing body of evidence to support reducing meat intake, particularly of red and processed meats. Notably, one of the four major findings of the 2010 Dietary Guidelines Advisory Committee involved meat intake, with the recommendation to: 'Shift food intake patterns to a more plant-based diet... and consume only moderate amounts of lean meats, poultry, and eggs' (19) (p. 2). However, the 2010 DGA ultimately included only broad recommendations to decrease saturated fat intake; choose a variety of protein foods; and increase consumption of fruits, vegetables, whole grains and seafood (20) . The MyPlate food guide (20) and related USDA Food Pattern tables (21) , which translate the DGA into suggested amounts and types of foods to consume, recommend 5·5 meat ounce-equivalents † (oz-eq)/d (20) (155·9 g-eq/d) from the Protein Foods Group for most individuals consuming a 2000 kcal (8368 kJ) diet. Within the omnivore dietary pattern, this can include up to 4·5 oz (127·6 g) of meat (including meat, poultry and seafood) per day.
Leading health organizations, including the World Cancer Research Fund and the American Institute for Cancer Research (22) , have more specifically addressed the need for reducing the intake of red and processed meat. After their independent, scientific review of all of the available cancer literature, the World Cancer Research Fund and the American Institute for Cancer Research found convincing evidence that red and processed meat increase the risk of colorectal cancer and recommended limiting red meat to 10·6 oz (300 g) per week or 1·5 oz/d (42·9 g/d) and avoiding processed meat completely (22) . The 2015 Dietary Guidelines Advisory Committee also found the evidence substantial enough to recommend reducing intake of red and processed meat in favour of plant-based alternatives in its most recent scientific report (23) . Ultimately, understanding the methods, strengths and limitations of the various meat and protein data sources is critical for accurate interpretations and applications. The present paper seeks to provide clarity on the meanings and conclusions of the two main types of data sources available for estimating US meat and protein consumption: (i) agricultural supply; and (ii) dietary intake. We describe these two different methods commonly used for estimating meat and protein consumption in terms of their relative strengths and limitations, provide the most recent data available, and then make recommendations for appropriate applications and interpretations. Focusing primarily on US data, the goal of the paper is to increase understanding of meat and protein consumption data among practitioners, educators and researchers and to facilitate greater accessibility of these data for messaging to target audiences about the health impacts of meat consumption.
Methods

Overview
In order to provide estimates of US meat and protein consumption, we accessed US national (USDA) and international (FAO) agricultural supply, as well as national dietary intake (Department of Health and Human Services) databases. In this Methods section, we * Meat and protein foods consumption data are typically reported in ounces in the USA and in grams internationally. Protein (as a macronutrient) data are typically reported in grams in the USA and internationally. To maintain applicability and readability to a diverse readership, we report meat and protein foods intake in both ounces and grams. To convert ounces to grams, we multiplied the number of ounces (rounded to two decimal places) by 28·3495. † The use of 'ounce-equivalents' allows comparisons within food groups.
In the MyPlate Protein Foods Group, an ounce-equivalent is equal to 1 oz of cooked lean meat. We have also included a conversion from ounceequivalents to gram-equivalents (g-eq) to report the amounts in metric units.
describe both types of data sources and their underlying methodology.
Agricultural supply data
The primary source of US agricultural supply data is the Economic Research Service (ERS) arm of the USDA. The ERS Food Availability Per Capita Data System measures US food supply based on production estimates and does not measure actual intake. Information about data collection and analysis, as well as data sets in MicroSoft ® Excel format, are available on the ERS website (24) . Three data series are maintained and updated annually: (i) unadjusted food availability; (ii) loss-adjusted food availability; and (iii) nutrient availability. An international source from FAO also collects agricultural supply data by country.
US Department of Agriculture food availability (unadjusted)
The Food Availability data set (24) measures the amount of food (by type of commodity) available for human consumption in the USA. Data have been collected since 1941, and are estimated as far back as 1909. Data are available for total meat, as well as meat types, including red meat (beef, veal, pork, lamb, mutton), poultry (broilers, mature chicken, turkey), and fish and seafood. 'Total food availability' consists of the sum of beginning stock, production and imports minus the sum of 'measurable nonfood uses', such as exports, farm inputs, industrial uses and ending stock. Not all non-food uses are feasible to measure, so the estimates can include, for example, meat that ultimately is used in pet food or exported as an ingredient in processed food. The estimates for meat availability are based on slaughtering facilities' records, so the reported data refer to the 'carcass weight'. The carcass weight includes not only the edible meat portion, but also the bones, fat, ligaments, tendons and inedible trimmings. The ERS also provides data on 'retail weight', which may or may not include bone, fat and added water; and 'consumer (boneless, trimmed) weight', which includes separable fat but not bones.
US Department of Agriculture loss-adjusted food availability
To more closely estimate actual food intake, the ERS has developed a preliminary data series called 'loss-adjusted food availability' data (24) , with estimates calculated as far back as 1970. The loss-adjusted data are constructed by subtracting non-edible parts of foods and estimated losses (including losses at 'farm-to-retail', 'at retail' and 'at consumer' levels) from the food availability data. For example, in the case of chicken, the 2012 loss percentage from farm-to-retail weight was 39·8 %, retail was 4·0 % and consumer was 15·0 %. Currently, the farm-to-retail loss is based on commodity weight. Retail-level loss rates were obtained by comparing [2005] [2006] supplier shipment data with point-of-sales data from over 600 stores of six large supermarket chains (25) . Consumer-level loss rates were obtained by comparing food purchasing data (scanned Universal Product Code labels from approximately 40 000 households and random-weight foods from approximately 7500 households in 2004) and food consumption data (based on the 2003-2004 National Heath and Nutrition Examination Survey (NHANES), which included two 24 h dietary recalls from approximately 10 000 individuals) (26) . The loss-adjusted data series also combine the data into food groups to facilitate comparison to federal dietary recommendations. However, unlike the MyPlate Protein Foods Group, the USDA loss-adjusted food availability protein foods grouping does not include seeds, soya products, and may or may not include legumes.
US Department of Agriculture nutrient availability (unadjusted)
Nutrient availability data are estimates of the amount of nutrients available for human consumption in the USA by type of commodity and are calculated by multiplying the amount of each nutrient found in the edible portion of each commodity. The USDA Center for Nutrition Policy and Promotion maintains the data and bases its calculations on ERS unadjusted food availability data. The Center for Nutrition Policy and Promotion website provides the most recent data tables, which show total protein per capita and percentage of protein contribution from major food groups for the years 1909-2010 (18) . We include these data for their relevancy to estimating protein consumption and to help distinguish data on protein (the macronutrient) from data on protein-rich foods.
FAO food availability
While the primary focus of the present paper is US data sources, useful comparisons of US agricultural supply can be made to international data sources. The FAO compiles food production and disappearance data from 190 FAO member countries dating back to 1961. The data are made publicly available annually on the online database, FAOSTAT, and the most recent available data set is for 2011 (27) . Food Balance Sheets show the total per capita availability for human consumption for specific food items ('per capita supply'), which is based on the total amount produced in and imported into the country ('supply'), adjusted for exports and uses other than for human consumption ('utilization') (27) . The Food Balance Sheets also specify the amount of protein supplied by these food items. FAO per capita food supply data represent the quantity of food that reaches the consumer; adjustments are made for losses at the farm, distribution and processing levels, but not for consumer waste (27) . FAO categorizes total meat as the sum of beef, goat, sheep, pork, poultry and other game; fish and seafood are a separate category (27) .
Dietary intake data
In addition to agricultural supply data, the federal government also collects dietary intake data, namely through 24 h dietary recalls (24HR) and FFQ, to estimate the amount of foods and nutrients actually consumed by individuals. In the present paper we focus on the NHANES dietary intake interview component, What We Eat in America (WWEIA). Maintained by the National Center for Health Statistics branch of the Department of Health and Human Services, NHANES provides data on the health and nutritional status of the US population through a combination of interviews and physical assessments (28) .
To create a nationally representative sample, participants are assigned a numerical sample weight which incorporates several types of adjustment, including the probability of unequal selection in the sample, some types of non-response, and sizes of sub-populations of age, sex and racial/ethnic categories (29) . Currently, WWEIA involves two days of 24HR.* The National Center for Health Statistics is responsible for obtaining a nationally representative sample, while the USDA's Agricultural Research Service processes the data using the food and nutrient databases it maintains.
The most recent WWEIA (2011-2012) contains easily accessible data tables that provide estimates of average consumption of meat, protein foods and protein at the population level, by sex and age, by race/ethnicity and by income. The Food Pattern Equivalent Intake Data Tables (30) provide intake estimates for meat and protein foods. The Nutrient Intake Data Tables (31) provide intake estimates for protein as a macronutrient.
For more detailed analyses, researchers can download data from the Food and Nutrient Database for Dietary Studies (FNDDS) (32) and the Food Patterns Equivalents Database (FPED) (33) . FPED classifies meat intake reported in the 2011-2012 WWEIA 24HR into the defined ounceequivalents of the MyPlate Protein Foods Group. Meat is defined as 'cooked lean meat'; as a result, any 'excess fat' † consumed in meat products is included in the discretionary solid fat group. FPED subgroups in the Protein Foods Group include: (red) meat (unprocessed beef, pork, veal, lamb and game); poultry (unprocessed chicken, turkey and other); cured meat (processed meat such as sausage and luncheon meats); organ meats (red meat and poultry); seafood (fish and shellfish high in n-3 fatty acids and fish and shellfish low in n-3 fatty acids); eggs; soya products; and nuts and seeds. At the researcher's discretion, legumes can be counted in either the Vegetable Group or the Protein Foods Group, but not in both groups simultaneously. ‡
Results
Per capita availability and intake estimates
Meat estimates
The most recent USDA Food Availability data indicate that the amount of meat (red meat, poultry and fish) available in the 2012 US food supply was 11·6 oz/capita per d (330·0 g/d); after adjusting for estimated losses, the availability was 5·9 oz/capita per d (166·5 g/d) . International FAO data, most recently accessible from 2011, indicate that the amount of meat (red meat, poultry and fish) available in the food supply at that time was 13·5 oz/capita per d (382·4 g/d). According to 2011-2012 NHANES, WWEIA data, the average daily amount of cooked lean meat (red meat, poultry, fish; excess fat excluded) consumed by individuals ages 2 years and over was 4·4 oz/d (125·9 g/d). The amount of processed meat (frankfurters, sausage and luncheon meats; excess fat excluded) was 1·0 oz/d (27·8 g/d), or 22 % of total meat consumed. See Table 1 for further details.
Protein Foods Group estimates
The 2012 food availability estimate for foods included in the USDA Protein Foods Group (meat, eggs, nuts and legumes; ERS data on soya products and seeds unavailable) was 13·9 oz/d (393·4 g/d); after adjusting for estimated losses, the availability was 7·4 oz/d (209·4 g/d). The latter can also be reported as 'meat ounce-equivalent' servings (24) , 7·6 oz-eq (215·2 g-eq). The 2011 FAO estimate for protein-rich foods (total meat, eggs, nuts and legumes) was 15·9 oz/d (451·0 g/d). Based on the 2011-2012 NHANES, WWEIA intake data, the amount of food from the MyPlate Protein Foods Group (red meat, poultry, fish, eggs, soya products, nuts, seeds, legumes) consumed was 6·2 oz-eq/d (175·2 g-eq/d) per capita (ages 2 years and over), 8·3 oz-eq/d (234·5 g-eq/d) for males (ages 20 years and over) and 5·2 oz-eq/d (148·3 g-eq/d) for females (ages 20 years and over). See Table 1 for further details.
Protein estimates
Per capita protein estimates are available from NHANES dietary intake data, USDA nutrient availability data and FAO nutrient availability data. The USDA and FAO protein availability data do not account for losses; as such, these data are not suitable proxies for protein consumption estimates. For protein intake, dietary intake data provide the more appropriate estimate of consumption. According to 2011-2012 NHANES, WWEIA data, the average daily amount of protein consumed by individuals ages 2 years and over was 79·9 g, which represented 14·9 % of total energy. For adults (ages 20 years and over), the average daily protein intake * Historical and methodological details are available on the NHANES website, available at: http://www.cdc.gov/nchs/nhanes.htm. † The allowable amount is 2·63 g of fat per ounce of meat. The amount that exceeds the allowable amount is considered excess fat. ‡ Legumes can be included in either the Vegetable Group or the Protein Foods Group. However, the amount of legumes (in ounces) must be multiplied by four in order to convert to a meat ounce-equivalent. Where applicable, we converted legumes to meat ounce-equivalents prior to inclusion in the protein foods category. §The FPED cooked lean meat weight excludes excess fat (in excess of 2·63 g of fat per ounce of meat). ||The primary (carcass) weight includes the edible meat portion, bones, fat, ligaments, tendons and inedible trimmings. ¶The loss-adjusted weight removes non-edible portions and estimated losses from the food system, such as spoilage, waste and cooking loss. **The FAO food availability weight adjusts for losses at the farm, distribution and processing levels, but not for consumer waste. † †In the FPED system, an ounce-equivalent (oz-eq) is equal to 1 oz of cooked lean meat. ‡ ‡Total meat includes red meat, poultry, fish and seafood. § §In the USDA data system, the 'nuts' category includes tree nuts, peanuts and coconuts. The FAO treenuts and oilcrops categories (oilcrops include peanuts, coconuts, and seed oils such as sesame seed) were combined to create a comparable 'nuts and seeds' category. ||||The USDA MyPlate Protein Foods Group includes total meat, eggs, soya products, nuts and seeds, and may or may not include legumes. ERS agricultural supply data do not include soyabean products or seeds in this group.
was 98·8 g for males (15·4 % of energy) and 68·1 g for females (14·9 % of energy).
While unadjusted nutrient data are not useful for estimating the total amount of per capita protein consumed in the US food supply, the total protein data (120 g/d, 2010 USDA unadjusted; 109·2 g/d, 2011 FAO) are useful as a reference point for estimating the per capita percentage of total protein contribution by food type. According to 2010 USDA protein availability data, meat products (red meat, poultry and fish) represented an estimated 43·1 % of the total protein available per capita in the US food supply. Within the meat group, red meat accounted for over half of the protein availability (60·9 %), while poultry accounted for 31·5 % and fish accounted for 7·6 %. Animal products (including meat, dairy and eggs) represented an estimated 65·6 % of the total protein available in the US food supply. Other major sources of protein in the food supply included grain products, vegetables, legumes, nuts and soya. 2011 FAO data estimates indicated that approximately 65 % of the protein available was from animal sources (70·7 g) and 35 % was from plant sources (38·5 g). Dietary intake data have also been used to report the per capita percentage of protein contribution (typically by food type, as opposed to food group). For example, O'Neil et al. (34) used 2003-2006 NHANES data to rank food sources of protein in adults ages 19 years and over; the leading protein contributors were poultry (14·4.%) and beef (14·0 %). See Table 2 for protein estimates.
Discussion
Choosing an appropriate data source The present paper describes two major categories of data for estimating per capita meat consumption: agricultural supply and dietary intake. An understanding of the definitions, strengths and limitations associated with each data source is critical to appropriately applying these data. Agricultural supply is an objective measure of food availability, but does not directly measure intake. Dietary intake, on the other hand, is a direct estimate of intake, but is hampered by self-report bias. Objective measures of household food purchasing behaviour, such as researcherconducted household food inventories, food purchase records and receipts, and Universal Product Code scans (35) , although proxies for intake, might improve the accuracy of intake estimates. While less biased than selfreport measures, these are still not perfect measures; they require adjustment for food waste and, as the data are presented as average consumption per household member, they do not account for differences in consumption between household members. In the UK, for example, the Department for Environment, Food & Rural Affairs tracks the annual food and drink purchases of approximately 6000 households using self-report diaries of all food purchases in its Family Food data set (36) . These purchases are used to approximate energy and nutrient intakes, which according to one study most closely match predicted intakes from physical activity energy expenditures compared with FAO agricultural supply data and the UK's National Diet and Nutrition Survey (a dietary recall survey akin to NHANES) (37) . Although an equivalent annual data source does not exist in the USA, the USDA surveyed the first nationally representative sample of 4826 households about household food purchases and acquisitions in its National Household Food Acquisition and Purchase Survey (FoodAPS) in 2012-2013 (38) . FoodAPS data files have not yet been publicly released and it is not yet known whether these data sets will include estimates of energy and nutrient intakes.
An important limitation of both agricultural supply and dietary intake data sources is that an average does not capture the extent to which there is meaningful variation between individuals (some individuals eat little or no meat, while others consume very high amounts). Additionally, 'per capita' refers to individuals aged 2 years and over, and consumption varies by age and other demographic factors. While sub-population data for dietary intake data are available to investigate differences in average consumption of groups categorized by different demographic factors, such data still do not account for variation between individuals within demographic groups. Agricultural supply data cannot adjust for either of these limitations. We provide a summary of the various data sources commonly used to estimate per capita (ages 2 years and over) meat and protein consumption amounts and trends (Table 1) ; however, it is important to note that direct comparisons between data sources are problematic given the differing definitions of meat and data collection methods.
Using agricultural supply data to estimate US meat and protein consumption amounts can potentially lead to misleading and inconsistent conclusions. For instance, the per capita total meat (red meat, poultry, fish) availability estimate is 13·5 oz/d (382·4 g/d) using FAO data, 11·6 oz/d (330·0 g/d) when using USDA unadjusted data and 5·9 oz/d (166·5 g/d) when using USDA loss-adjusted data. Agricultural supply data provide an objective measure that can be a useful indicator of consumption patterns or trends over time (from 1909 with the unadjusted and from 1970 with the loss-adjusted), but should not be interpreted as actual consumption amounts. For agricultural supply data, the USDA loss-adjusted food availability data set provides a more realistic proxy for consumption than the unadjusted data set on a per capita basis, but is not a direct measure of consumption. The unadjusted food availability and nutrient availability data sets are not adjusted for losses and should not be used as a proxy for consumption. The accuracy of the FAO global food supply data ultimately depends on the quality of the data provided by each country, which may have been produced using different methods and assumptions. Still, this level of data permits sufficient international comparisons and has been widely referenced in reports produced by FAO and other global organizations (39) . Dietary intake data have the distinct advantage of directly estimating consumption, but with known strengths and limitations. One important limitation is that individuals systematically under-report total energy and protein intakes in dietary recalls. One study found that the disparity between reported energy intakes across 1971-2010 NHANES surveys and estimates of total energy expenditure (TEE) was 18 % of TEE for women ( −365 kcal/d (-1527 kJ/d)) and 10 % of TEE for men (−281 kcal/d (-1176 kJ/d)) (40) . Findings from the Observing Protein and Energy Nutrition (OPEN) Study, in which 24HR were compared with unbiased biomarkers of energy and protein intakes (e.g. doubly labelled water and urinary nitrogen), indicated significant under-reporting in 24HR (41) . In that study, under-reporting of TEE was slightly greater than under-reporting of protein intake. On average, men under-reported TEE by 12-14 % and protein intake by 11-12 % in 24HR and women under-reported TEE by 16-20 % and protein intake by 11-15 %. Because under-reporting tends to vary between foods (42) , TEE and protein intake, these estimates might not serve as accurate proxies for estimating Protein Foods Group under-reporting. Dietary recalls can also be hampered by random error, since they represent only a snapshot in time and are not necessarily representative of what an individual typically consumes from day to day or throughout different seasons. To address this issue, the National Cancer Institute pioneered a sophisticated statistical analysis that aims to represent a person's usual (long-term average) daily intake of a nutrient or food (43) . For many research purposes, usual intake is the preferred type of analysis; however, when reporting usual intake at the population level (as is the case in the current paper), these adjustments are unnecessary (29) . According to the National Center for Health Statistics, NHANES day 1 dietary recall is an appropriate measure of the population's usual or long-term average intake (44) . Despite these limitations of self-report recall data, in a large nationally representative sample such as NHANES, a single 24 h recall should provide a useful, although likely under-reported, estimate of the average meat intake at the population level. In contrast to agricultural supply data, dietary intake data can be used to estimate consumption of sub-populations based on age, sex, ethnicity or other factors. However, the most common application of NHANES data on meat intake in the mainstream and scientific literature is to report on national average intake amounts using the most recently available NHANES, WWEIA data from FPED; but these analyses can vary widely depending on the researchers' purposes, years of data used, sample selection criteria, and definition and categories of 'meat' used (15, 16, 45) . FPED is a useful database for obtaining food group consumption estimates from NHANES dietary recall data, although analysis using this database requires NHANES data training and access to statistical software. As a result, NHANES data are also not as accessible for analysis of intake trends over time compared with the USDA food availability databases. Processed meat has its own category in FPED, which allows important assessments of processed meat consumption, but unfortunately the category combines processed red meat and poultry, so it is not possible to provide a total estimate of red meat or poultry consumption that includes both processed and unprocessed meat. Additionally, all of the meat categories are defined as cooked lean meat -excess fat is not included in the total and is instead placed into a separate food category.
Regarding the sources of protein as a macronutrient, USDA and FAO agricultural supply data are useful for estimating protein consumption trends and percentages available in the food supply, but not for estimating actual consumption amounts since they are not adjusted for all losses. FNDDS 5·0 can be used to obtain protein consumption estimates from NHANES dietary recall data and is probably the best source for estimating consumption of this macronutrient.
Estimated ranges for US per capita meat, protein foods and protein consumption Unfortunately, there are no data sources that provide a flawless estimate of average US per capita consumption of meat and protein-rich foods. However, loss-adjusted agricultural supply data and dietary recall data provide better estimates than unadjusted agricultural supply data. Despite methodological differences, some useful comparisons can be made between loss-adjusted agricultural supply and dietary intake data to provide estimated ranges for per capita US meat and protein consumption. Namely, the ERS' loss-adjusted availability data set that includes conversions to MyPlate meat ounceequivalent servings can be fruitfully compared with NHANES intake data and dietary recommendations. For instance, the per capita total meat (red meat, poultry, fish) consumption estimate is 5·9 oz-eq/d (166·5 g-eq/d) using the 2012 loss-adjusted agricultural supply data, which is similar to the estimated 4·4 oz-eq/d (125·9 g-eq/d) for total cooked lean meat obtained from 2011-2012 NHANES dietary intake data. This similarity can be expected since the agricultural supply loss adjustment at the consumer level is based in part on NHANES data. The per capita consumption from the Protein Foods Group is 7·6 oz-eq/d (215·2 g-eq/d) using the 2012 loss-adjusted agricultural supply data (including total meat, eggs, nuts and legumes), compared with the estimated 6·2 oz-eq/d (175·2 g-eq/d) obtained from 2011-2012 NHANES data (including total meat, eggs, nuts, seeds, soya products and legumes). There are no loss-adjusted agricultural supply nutrient data, so protein intake must be estimated using NHANES data (79·9 g/capita; 98·8 g or 15·4 % of energy for adult males and 68·1 g or 14·9 % of energy for adult females).
Data comparisons to dietary recommendations
One important application of these data is the comparison of meat and protein consumption estimates to established dietary recommendations in order to determine how a population is meeting its nutritional needs. While these comparisons abound in the media and other lay reports, they are often fraught with error and should be interpreted as cautiously as the consumption estimate used. As mentioned in the introduction, specific US federal guidance on daily meat consumption is generally lacking, although broad recommendations can be found in the 2010 DGA (20) and more detailed recommendations based on energy intake can be found in the MyPlate food guide (20) and in the USDA Food Pattern tables (21) . These sources suggest that individuals consuming a 2000 kcal (8368 kJ) diet should consume approximately 5·5 oz-eq/d (22) (155·9 g-eq/d) from the Protein Foods Group with anywhere from 0 to 4·5 oz/d (0 to 127·6 g/d) coming from meat, poultry or seafood (21) . Based on our above estimated current intake ranges for the Protein Foods Group (6·2-7·6 oz-eq (175·2-215·2 g-eq)) and for total meat (4·4-5·9 oz/d (125·9-166·5 g/d)), we could conclude that Americans well exceed these recommendations. However, caution should be given in generalizing these conclusions since using the 2000 kcal (8368 kJ) reference intake does not apply to all Americans.
With the more broad recommendations in the 2010 DGA to diversify protein sources, we can comfortably conclude that Americans are not yet achieving this goal since meat constitutes the majority of intake from the Protein Foods Group (71 %, 2011-2012 NHANES; 78 %, 2012 USDA loss-adjusted). Consumption of red and processed meat also greatly exceeds the World Cancer Research Fund and American Institute for Cancer Research's recommendations to limit red meat to 1·5 oz/d (42·9 g/d) and to avoid processed meat completely (22) . Loss-adjusted food availability data from 2012 indicate that the average per capita consumption of red meat (processed and unprocessed) is 3·1 oz/d (88·5 g/d) or 53 % of the total meat intake; while NHANES 2011-2012 data indicate that the US consumption is 1·6 oz/capita per d (44·2 g/d) for unprocessed red meat (35 % of the total meat; data on total red meat are not available) and 1·0 oz/capita per d (27·8 g/d) for processed meat (red meat and poultry; 22 % of the total meat). Epidemiological studies have illuminated the increased health risks associated with red and processed meat consumption (2, 3, (5) (6) (7) (8) (9) (10) , along with the decreased health risks associated with replacing red meat for equal servings of poultry, fish and plant-based foods (1, 4, 46) . With this preponderance of evidence, the 2015 Dietary Guidelines Advisory Committee most recently recommended reducing intake of red and processed meat in favour of plant-based alternatives in its scientific report released in February 2015 (23) . For protein as a macronutrient, comparisons of mean intake estimates to federal recommendations are more difficult to make. The Food and Nutrition Board of the Institute of Medicine establishes nutrient reference values for the USA and Canada, called Dietary Reference Intakes (47) . For protein, Dietary Reference Intakes include the RDA (0·80 g/kg per d for most adults) and the Estimated Average Requirement (EAR; 0·66 g/kg per d for most adults). The RDA is 'the average daily nutrient intake level sufficient to meet the nutrient requirement of nearly all (97 to 98 percent) healthy individuals in a particular life stage and gender group' (47) (p. 3) and is intended for assessing the probability of inadequate intake for an individual (48) . The EAR is 'the average daily nutrient intake level estimated to meet the requirement of half the healthy individuals in a particular life stage and gender group' (47) (p. 3) and is intended for assessing the prevalence of inadequate intake for groups (48) . Although mean intake (as reported in the present paper) is commonly compared with both the EAR and RDA, neither comparison is considered appropriate for assessing adequate nutrient intake of groups (48) . However, the EAR can appropriately be compared with usual intake (average daily intake over time) for the purpose of assessing the risk of protein deficiency in a population (48, 49) . This comparison involves an analysis of the usual intake distribution, rather than a simple comparison to the population mean intake (48, 49) . An example of an appropriate application is the USDA's comparison of NHANES 2001-2002 usual intake data to the EAR, which found very little risk of protein deficiency in the US population: protein consumption fell under the EAR in only 3 % of the population (49) .
Conclusion
Meat consumption is a hotly debated topic. Public health concerns include not only meeting nutritional requirements, but also reducing the incidence of chronic diseases and global food insecurity. A critical first step in addressing these issues is to accurately estimate the amount of meat consumption at the population level. The present paper sought to clarify and summarize the various agricultural supply and dietary intake data sources available for estimating US meat, protein foods and protein consumption. We caution practitioners, educators and researchers when interpreting or choosing among these estimates for meat, protein foods and/or protein to be aware of their respective strengths, limitations and appropriate applications as described throughout this paper. Despite the various limitations, complexities of the data sources and the current lack of federal guidance on meat consumption, we can comfortably conclude that there is ample room within the typical US diet to maintain adequate protein intake while shifting dietary patterns to include more nutrient-dense plant-based foods and less animal-based foods. Specific federal recommendations regarding amount of meat intake, and red and processed meat intake in particular, could make a significant step towards raising awareness and improving public health.
